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PREFACE 

Many of the programs in the Chemical Engineering 
Division at Argonne National Laboratory have involved inves
tigations into pyrochemical p rocesses for the separation and 
purification of uranium and plutonium from nuclear fuels and 
inater ia ls . These processes use liquid metals and molten 
salts as process solvents. The glovebox facility described 
in this report was constructed to allow experimental pyro
chemical work to be performed with mater ia ls containing 
plutonium-238 in a high-purity, hel ium-atmosphere enclo
sure, which is at a negative p ressure with respect to the 
surrounding working area. The author hopes that the in
formation provided here will be useful to other workers in 
the design of s imilar facilities. Although this report does 
not provide all the details of construction of the facility, the 
appendix and the works referenced should be helpful in ob
taining further information. 
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GLOVEBOX FACILITY FOR 
PYROCHEMICAL RESEARCH AND DEVELOPMENT WORK 

WITH PLUTONIUM-238 

by 

J. Fischer 

ABSTRACT 

A detailed description of a facility for conducting 
pyrochemical research anddevelopment work with plutonium-
238 is given. The facility comprises a negat ive-pressure 
glovebox containing both a high-purity helium and an a i r -
atmosphere section for experimental work, and an a i r -
atmosphere glovebox for analytical work. The general ca
pabilities of the facility are discussed, and the gloveboxes 
and associated equipment are described in detail. Equipment 
i tems include furnaces, gloves, utilities, cooling-water and 
vacuum systems, and instrumentation for temperature mea
surement and for atmosphere purification and control. 

1. INTRODUCTION 

The Plutonium-238 Research and Development Facility was built to 
provide the necessary gloveboxes and equipment for pyrochemical p rocess 
ing experiments with nuclear mater ia ls containing plutonium-238. In these 
experiments, plutonium-238 is handled in the form of a metal or an oxide, 
alone or in conjunction with molten halide salts and liquid metals such as 
zinc, magnesium, or cadmium. 

Significant amounts of alpha activity and gamma radiation are 
associated with plutonium-238. For example, the alpha activity is approxi
mately 300 times that of plutonium-239. Therefore, more stringent 
precautions are required than those normally used with plutonium-239. 
Most of the gamma radiation associated with plutonium-238 is of low 
energy and is easily shielded by equipment such as furnaces, furnace 
tubes, and the s t ructure of the gloveboxes. The prime means of limiting 
exposure of operating personnel to neutrons (resulting from a-n reactions) 
and gamma rays in the facility is separation from the source. Lucite and 
water neutron shielding are provided where necessary, and radiation 
monitoring devices are used. 



The facility consists of an operating area containing two gloveboxes 
and their associated equipment and an isolation room. An effort was made 
in the design of the facility to minimize the need for movements of mater ia l 
and personnel in and out of the facility during routine operations. Every 
effort has been made to res t r i c t contamination from plutonium to the vessels 
in which it is processed. 

The equipment used in constructing the facility is , in general , 
commercially available. The source of most of the major equipment 
items is given in the appendix of this report . The i tems are identified by 
superscript numbers throughout the report , and these numbers are keyed 
to entries in the appendix. 



2, DESCRIPTION O F F A C I L I T Y 

2.1 Layou t of L a b o r a t o r y and I so l a t i on R o o m 

The P l u t o n i u m - 2 3 8 R e s e a r c h and D e v e l o p m e n t F a c i l i t y c o n s i s t s of 
a l a b o r a t o r y having an a r e a of 560 ft and an adjoining i so l a t i on r o o m hav ing 
an a r e a of 70 ft^. F i g u r e 1 is a f loor p lan of the fac i l i ty . Two g loveboxes 
a r e housed in the l a r g e r or e x p e r i m e n t a l a r e a . The l a r g e r g lovebox (g love
box A) is d iv ided into two s e c t i o n s . One s e c t i o n h a s a vo lume of 343 ft ' and 
c o n t a i n s a h i g h - p u r i t y h e l i u m a t m o s p h e r e . The adjoining s e c t i o n h a s a v o l 
u m e of 86 ft ' and c o n t a i n s an a i r a t m o s p h e r e . The s m a l l e r g lovebox (g love
box B), a l s o r e f e r r e d to a s the a n a l y t i c a l box, h a s a vo lume of 258 ft ' and 
c o n t a i n s an a i r a t m o s p h e r e , Glovebox B is connec ted to the a i r s e c t i o n of 
g lovebox A by a t r a n s f e r t unne l , * F i g u r e 2 i s a view of the fac i l i ty be tween 
g loveboxes A and B. The t r a n s f e r tunnel i s the r e c t a n g u l a r duct d i r e c t l y 
above the head of the o p e r a t o r n e a r the wal l in F i g , 2, 

A c c e s s to the e x p e r i m e n t a l a r e a is obta ined th rough the i s o l a t i o n 
r o o m , which is m a i n t a i n e d at an a t m o s p h e r i c p r e s s u r e that i s l ower than 
that of the c o r r i d o r and h ighe r than that of the e x p e r i m e n t a l a r e a . The i s o 
l a t ion r o o m p r o v i d e s an a r e a for changing p r o t e c t i v e c lo th ing and for s u r v e y 
ing p e r s o n n e l and m a t e r i a l s e n t e r i n g or l eav ing the e x p e r i m e n t a l a r e a . 

2.2 Glovebox A 

2.2 ,1 H e l i u m Sec t ion 

T h e h e l i u m s e c t i o n of glovebox A is u s e d for e x p e r i m e n t a l p y r o 
c h e m i c a l w o r k r e q u i r i n g an i n e r t a t m o s p h e r e and con t a in s f u r n a c e s , fur 
n a c e v e s s e l s , and a s s o c i a t e d equ ipmen t . The e x p e r i m e n t s p e r f o r m e d in 
t h i s s e c t i o n u s e l iquid m e t a l s and m o l t e n s a l t s to p r o d u c e pu r i f i ed 
p l u t o n i u m - 2 3 8 . In the e x p e r i m e n t s , the p l u t o n i u m - 2 3 8 is in the f o r m of 
^ " P u oxide o r m e t a l , a lone or a l loyed with m i x t u r e s of m a g n e s i u m , c a d 
m i u m , or z inc . 

T h e h e l i u m s e c t i o n con t a in s t h r e e f u r n a c e s (as shown in F i g , 1), 
two of which a r e r e s i s t a n c e hea t ed and a r e m o u n t e d in a 33 by 33 by 
3 2 - i n , - d e e p r e c t a n g u l a r wel l in the floor of the g lovebox. The t h i r d fu rnace 
i s an i n d u c t i o n - h e a t e d t i l t ing f u r n a c e m o u n t e d above the floor of the 
g lovebox . 

*Fiitthei information on the design of the gloveboxes, which were built to a Chemical Engineering Division 
standard, can be obtained in a paper by R, F, Malecha e^ al̂ .. "Low Cost Gloveboxes," published in the 
Proceedings of the 8th Conference on Hoi Laboratories and Equipment of the Amencal Nuclear Society. 
TID-7599(1960). 
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Fig. 1. Floor Plan of Plutonium-238 Facility 



I I 

Fig. 2. Experimental Area 

S p e c i a l p r e c a u t i o n s a r e t aken to l i m i t e x p o s u r e of the o p e r a t i n g 
p e r s o n n e l to n e u t r o n s in the a r e a of the f u r n a c e s . In the f u r n a c e s , " ' P u 
m e t a l in con t ac t with m a g n e s i u m p r o d u c e s a h i g h e r l eve l of n e u t r o n ac t iv i ty 
than ^ " P u O j . T h r e e - i n c h - t h i c k Luc i t e windows a r e p l aced over the r e g u l a r 
g lovebox windows in th is a r e a to m o d e r a t e fast n e u t r o n s , a s shown in 
F i g . 3. F i g u r e 4 is a view of t h r e e of the four m o d u l e s of the he l i um s e c 
t ion of g lovebox A with the Luc i t e windows r e m o v e d . A 6 - i n . - t h i c k tank of 
w a t e r i s v i s i b l e to the r igh t of the o p e r a t o r in F i g . 4. T h i s tank and a n o t h e r 
i d e n t i c a l to it on the oppos i t e s ide of the box a r e u s e d to m o d e r a t e n e u t r o n 
ac t iv i ty o r i g i n a t i n g f rom the two r e s i s t a n c e f u r n a c e s moun ted in the wel l 
in the f loor of the g lovebox. The r e c t a n g u l a r g r i l l s s e e n next to t he windows 
in F i g s . 3 and 4 a r e a lpha de t ec t i on m o n i t o r s with which an o p e r a t o r can 
c h e c k his h a n d s a f te r w i t h d r a w i n g t h e m f rom the g l o v e s . The b lack s p h e r e 
to the o p e r a t o r ' s left in F i g . 4 is a p o r t a b l e n e u t r o n m o n i t o r , ' which c a n 
be moved to the a r e a w h e r e the o p e r a t o r i s w o r k i n g . A n e u t r o n a i r m o n i 
tor^ is a l s o p l aced in the v ic in i ty of the o p e r a t o r s . 

*Note that superscript numbers refer to items listed in the appendix. 
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Lucite Shielding Windows on Helium Section of Glovebox A 

308-1546 

Fig. 4. 

A h o i s t a n d s i m p l e m a n i p u 

l a t o r s a r e p r o v i d e d i n t h e h e l i u m 

s e c t i o n t o a l l o w m o v e m e n t of 

p l u t o n i u m - 2 3 8 i n s e c o n d a r y c o n t a i n e r s 

a n d t h e r e b y p r e v e n t t h e s p r e a d of a c 

t i v i t y t o t h e g l o v e s , p a i n t e d s u r f a c e s , 

e x t e r i o r s of p r i m a r y c o n t a i n e r s , o r 

t o o l s w i t h i n t h e g l o v e b o x . 

2 . 2 . 1 . 1 . W o r k A r e a s 

Helium Section with Shielding 
Windows Removed 

2 . 2 . 1 . 1 . 1 . E x p e r i m e n t a l a n d S a m p l e 

P r e p a r a t i o n A r e a . A s p a c e i s p r o 

v i d e d a b o v e t h e t w o r e s i s t a n c e -

h e a t e d f u r n a c e s , w h i c h a r e m o u n t e d 

i n a \ v e l l i n t h e g l o v e b o x f l o o r ( a s 

s h o w n i n F i g . l ) , f o r s a m p l i n g t h e 

m e l t s w i t h i n t h e f u r n a c e s a n d f o r 

o t h e r o p e r a t i o n s s u c h a s l o a d i n g a n d 

u n l o a d i n g t h e f u r n a c e s a n d f u r n a c e 

m a i n t e n a n c e . A m o v a b l e s h e l f , h a l f 

t h e \ v i d t h of t h e g l o v e b o x , i s m o u n t e d 

a b o v e t h e f u r n a c e s a n d i s u s e d f o r 

s t o r i n g a u x i l i a r y e q u i p m e n t s u c h a s 

a v a c u u m c l e a n e r . 

file:///vell
file:///vidth


13 

A s m a l l l a the i s l o c a t e d below the t i l t ing f u r n a c e in a s t a i n l e s s 
s t e e l pan p r o v i d e d with a L u c i t e c o v e r for dus t c o n t r o l . The l a the is u s e d 
for p r e p a r i n g s a m p l e s t a k e n of the m e l t s in the f u r n a c e s . F i g u r e 5 shows 
a s a m p l e tube in the l a t h e with the L u c i t e c o v e r in p l a c e . A s m a l l cutoff 
w h e e l , next to t he l a t he , is u s e d to r e m o v e the empty p o r t i o n of s a m p l e 
t u b e s b e f o r e t h e i r c o n t e n t s a r e d i s s o l v e d . T h e cutoff whee l a l s o is p r o v i d e d 
wi th a L u c i t e c o v e r and m o u n t e d in a s t a i n l e s s s t e e l pan . A W i g - L - B u g 
l a b o r a t o r y g r i n d e r * housed in a s t e e l g u a r d is loca ted be tween a t i l t ing 
f u r n a c e and the weighing a r e a . The g r i n d e r , which is used to p u l v e r i z e 
sa l t s a m p l e s b e f o r e we igh ing and a n a l y s i s , may be lifted by ho i s t for s t o r 
age or m a y be l oca t ed and u s e d on a shelf above the weighing a r e a . 

308-1532 

Fig. 5. Lathe for Sample Preparation 

2 . 2 . 1 . 1 . 2 . Weighing A r e a . T h r e e b a l a n c e s a r e loca ted at the end of the 
h e l i u m s e c t i o n c l o s e s t to t he a i r s ec t i on . The b a l a n c e s inc lude a 3 -kg -
capac i t y t o r s i o n b a l a n c e , * a 1 2 0 - g - c a p a c i t y t o r s i o n b a l a n c e , ' and an a n a 
l y t i c a l b a l a n c e . ' F i g u r e 6 shows one of the o p e r a t o r s u s ing the a n a l y t i c a l 
b a l a n c e . 
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Fig. 6. Operator Using Analytical 
Balance 

2 . 2 . 1 . 1 . 3 . S t o r a g e A r e a . An a d j u s t 
ab le shelf i s l o c a t e d above the 
we igh ing a r e a ( s ee F i g . l) for s t o r 
a g e of fu rnace p a r t s and o t h e r heavy 
e q u i p m e n t . E q u i p m e n t m a y be 
m o v e d to and f r o m th i s shelf wi th 
an o v e r h e a d h o i s t . T o o l s a r e s t o r e d 
in a l a r g e , r o t a t i n g m u l t i s h e l f s t o r 
age bin, l o c a t e d n e a r the l a r g e 
(19- in . ) v a c u u m bag p o r t ( see F i g . l ) . 

2 .2 .1 .2 . H e l i u m P u r i f i c a t i o n and 
A t m o s p h e r e C o n t r o l . The h e l i u m 
sec t i on of g lovebox A i s d e s i g n e d to 
conta in p u r e , d r y h e l i u m at a p r e s 
s u r e of 0.8 in. of H2O l e s s than the 
a t m o s p h e r i c p r e s s u r e in the s u r 
rounding r o o m . The w a t e r and 
oxygen l e v e l s in the h e l i u m a t m o s 
p h e r e a r e m a i n t a i n e d a t l e s s than 
2 and 5 ppm, r e s p e c t i v e l y , by the 
h e l i u m pu r i f i c a t i on s y s t e m . * The 
c o m p o n e n t s of the p u r i f i c a t i o n s y s 
t e m inc lude a d r y e r , an a d s o r b e r , 
and a c i r c u l a t i n g b l o w e r . F i g u r e 7 
i s a s c h e m a t i c d i a g r a m of the p u r i 
f ica t ion s y s t e m , and F i g . 8 i s a 
p h o t o g r a p h of the s y s t e m . 

Fig. 7 

Schematic Diagram of Helium 
Purification System 

SAMPLE LINE 

DRYER BYPASS 

-e-C*3-C«3-
DRYER 
VENT 
VALVE 

ADSORBER 
BYPASS 

± 
ADSORBER iy T 1 ^ 

INLET a rt gj_o^^gp 
UAOSORBER 

0 - . r h OUTLET 

GLOWER 
ADSORBER 

OUTLET 

1. 

i * 3 -
FROM HELIUM SECTION 

TO HELIUM BOX 

GAS EXHAUST 

HELIUM INLET 

n THERKWCOUPLE 
T E R S ^ G A U G E 

REGENERATION VACUUH**LiNE 

•J^ -&o-

The helium purification system was designed according to information provided by J. Ludlow of the Chemical 
Engineering Division. More detailed information on the development of this system is available in a paper by 
I. Ludlow et al̂ ., "High Purity Helium Atmosphere for Plutonium Research," published in the Proceedings of 
the 14th Conference on Remote Systems Technology, Americal Nuclear Society (1966). 
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308-1547 

Fig. 8. Helium Purification System 

T h e d r y e r ( t a n k c o v e r e d w i t h a l u m i n u m fo i l in F i g . 8) c o n t a i n s 

M o l e c u l a r S i e v e s , w h i c h r e m o v e w a t e r . T h e a d s o r b e r ( l a r g e t a n k in c e n t e r 

of F i g . 8) c o n s i s t s of a l i q u i d - n i t r o g e n - c o o l e d c h a r c o a l t r a p , w h i c h f u r t h e r 

r e m o v e s w a t e r a n d c a r b o n d i o x i d e a n d e f f e c t i v e l y a d s o r b s o x y g e n a n d 

n i t r o g e n c r y o g e n i c a l l y . 

A b l o w e r ( h o u s e d in t h e d a r k t a n k n e a r t h e o p e r a t o r ' s h e a d i n 

F i g . 8) c i r c u l a t e s g a s f r o m t h e h e l i u m s e c t i o n of g l o v e b o x A t h r o u g h t h e 

p u r i f i c a t i o n s y s t e m a n d t h r o u g h t w o A E C - t y p e a b s o l u t e f i l t e r s , m o u n t e d in 

p a r a l l e l , b e f o r e t h e g a s e n t e r s t h e t o p of o n e e n d of t h e h e l i u m s e c t i o n of 

t h e g l o v e b o x . G a s i s r e m o v e d f r o m t h e h e l i u m s e c t i o n t h r o u g h t w o p a r a l l e l 

A E C f i l t e r s , l o c a t e d b e l o w t h e e n t r y f i l t e r s , a n d i s t h e n r e t u r n e d t o t h e 

p u r i f i c a t i o n s y s t e m . H e l i u m t h a t i s a d d e d t o t h e s y s t e m i s i n t r o d u c e d a t a 

p o i n t b e t w e e n t h e e x i t f i l t e r s a n d t h e p u r i f i c a t i o n s y s t e m s o t h a t i t i s p u r i 

f i e d b e f o r e e n t e r i n g t h e g l o v e b o x . 
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The Molecular Sieves in the dryer a re usually regenerated biweekly 
by passing nitrogen through them in reverse flow while they are heated. 
The condensed and adsorbed gases are removed from the adsorber by pump
ing on the adsorber with a high-capacity vacuum pump while heating the 
walls of the adsorber to approximately 150°C. 

Four instruments are used to monitor the water and oxygen levels 
of the glovebox atmosphere and the helium leaving the purification system. 
The purified gas at the outlet of the blower is sampled and analyzed with a 
Meeco oxygen analyzer ' and water analyzer '" to determine the performance 
of the purification system. The water content at various locations inside 
the helium section is analyzed with a Panametr ics hygrometer, and the 
oxygen level is monitored with a Thermo-Lab oxygen analyzer. A valving 
arrangement permits isolation of the purification system from the glovebox 
so that the effectiveness of the dryer and adsorber can be determined. The 
levels of oxygen and water in the exit gas from the purification system are 
monitored to determine the need for regeneration of the dryer and adsorber . 

Several safety features have been included in the atmosphere control 
system of the helium section. The glovebox pressure , which during normal 
operation can vary from 0.4in.H2O less than room pressure to 0,8 in, H^O 
less than room pressure , is monitored by a differential p re s su re gauge. 
If the glovebox pressure r ises above 0,4 in, H2O negative, as determined by 
a differential pressure sensor, '* a 3/4-in. solenoid valve in a line leading 
from the helium section to the laboratory exhaust duct opens automatically 
until the pressure in the helium section drops to about 0.8 in. H2O negative. 
A high-pressure alarm is set to sound if the p ressu re should reach 0,2 in, 
H^O negative. If the pressure in the helium section increases to 3,0 in, 
HjO positive, a bubbler filled with silicone oil will re lease the excess p r e s 
sure to the laboratory exhaust duct. 

A low-pressure a larm will sound if the p ressu re in the helium sec
tion reaches 1,2 in, H2O negative. If the p re s su re drops to 2.5 in. H^O neg
ative, all vacuum pumps connected to equipment in the helium section or to 
the purification system are automatically shut off and must be res ta r ted 
manually. If the pressure in the helium section decreases to 4.0 in. HjO 
less than room pressure , the bubbler will allow room air to be drawn into 
the glovebox to prevent damage to the system. A solenoid valve in the 
helium supply to the system opens at 0.8 in. H2O negative. The addition of 
helium from the helium manifold is slow, because the supply p r e s s u r e is 
set at 5 psig. Therefore, if the solenoid valve in the supply line failed to 
close, the bubbler and exhaust system could handle the excess p r e s s u r e . 

^•^•i-i- Entry and Egress from Helium-Section. Three ports in the helium 
section allow entry and egress of mater ia l from the section without adversely 
affecting the purity of the atmosphere in the helium section. 



A large cylindrical vacuum bag port, 19 in. in diameter by 40 in. 
long, is attached to a gasketed surface at one end of glovebox A. This port, 
seen at the right in Fig. 9, is shown schematically in the upper portion of 
Fig. 10. The port allows mater ia l to be moved in and out of the helium 
section from the operating area outside the glovebox and is provided with 
a means of bagging the mater ia ls t ransferred in sealed plastic pouches to 
prevent the spread of contamination. The port is used only for large equip
ment items and therefore is used infrequently. An alpha detector probe is 
located inside the outer door of the port to determine if any alpha activity 
has gotten beyond the bag before the door is opened during transfer 
operations. 

B K R B K M 

^^H • 'A 

POMT vACuuw P I M P 

308-1550 

Fig. 9. Helium-section End of Glovebox A Fig. 10. Schematic Diagram of Vacuum 
and Sphincter Ports 

A s p h i n c t e r p o r t is p r o v i d e d in the end of t he g lovebox next to the 
1 9 - i n . - d i a m p o r t . T h i s unit , which a l s o is e v a c u a t e d du r ing t r a n s f e r s , 
a l l o w s r ap id t r a n s f e r of s m a l l i t e m s into the h e l i u m s e c t i o n . A s c h e m a t i c 
d i a g r a m of th i s p o r t is a l s o shown in the uppe r p o r t i o n of F i g . 10. The p o r t 
e m p l o y s a double O - r i n g s e a l and c l o s e - f i t t i n g s p h i n c t e r c a n s to p r o v i d e 
the o n e - w a y t r a n s f e r s . 

Two s m a l l e r p o r t s , both 8 in. in d i a m e t e r , extend f rom the a i r s e c 
t ion of g lovebox A t h r o u g h the p a r t i t i o n into the h e l i u m s e c t i o n . A s c h e m a t i c 



drawing of these two ports is shown in the lower portion of Fig. 10. The 
larger of the two ports is 30 in. long and is located in the upper portion of 
the glovebox. This port is used to transfer long items such as thermo
couples, furnace tube l iners , and long tools. The shorter port, which is 
10 in long, is located near the floor of the glovebox on the opposite side of 
the glovebox from the long port. There is no need for bagging operations 
with these smaller ports, but both are evacuated and filled with helium 
filtered through a 1- to 5-micron filter during transfer operations to p ro
tect the atmosphere in the helium section. 

2 2 14 Liquid-nitrogen Dispensing System. A dispensing system was 
constructed to provide liquid nitrogen for the adsorber in the helium pur i 

fication system and for the cold 
t raps in the vacuum systems. 
The supply of liquid nitrogen is 
contained in two portable 200-liter 
Dewar flasks located in the co r r i 
dor outside the facility. This sys
tem eliminates the need for moving 
liquid-nitrogen containers in and 
out of the facility and thus contrib
utes to the overall program of con
trol of contamination. Figure 11 
is a schematic diagram of the 
system. DIFFUSION 

PUMP 
COLD TRAP 

THERMISTOR PROBE 

Fig. 11. Schematic Diagram of Liquid-nitrogen 
Dispensing System 

The s y s t e m u s e s g a s e o u s 
n i t r o g e n a t 7 p s i g to f o r c e l iquid 
n i t r o g e n f rom the l a r g e D e w a r 
f l a sks t h rough v a c u u m - j a c k e t e d 
coppe r tubing to w h e r e it i s u s e d 

in the faci l i ty. The n i t rogen p a s s e s th rough a d i s t r i b u t i o n mani fo ld , i n s ide 
the l a b o r a t o r y , equipped with t h r e e m a n u a l l y o p e r a t e d c r y o g e n i c v a l v e s . 

The flow of l iquid n i t r ogen to the p u r i f i c a t i o n s y s t e m a d s o r b e r and 
to the cold t r a p s is con t ro l l ed by c r y o g e n i c s o l e n o i d - o p e r a t e d v a l v e s . ' 
T h e r m i s t o r sens ing d e v i c e s a u t o m a t i c a l l y d e t e c t the l e v e l of l iquid n i t r o g e n 
in each r e c e p t a c l e . A combina t ion h igh- and l o w - l e v e l t h e r m i s t o r p r o b e in 
the a d s o r b e r m i n i m i z e s the n u m b e r of fi l l ing o p e r a t i o n s and, t h u s , the l o s s 
of liquid n i t rogen that o c c u r s with each fi l l ing o p e r a t i o n . S i n g l e - l e v e l p r o b e s 
a r e used in the vacuum cold t r a p s , but t i m e - d e l a y r e l a y s p r e v e n t an e x c e s 
sive number of addi t ions of l iquid n i t r o g e n . 

The t h r e e c ryogen ic so lenoid v a l v e s have s w i t c h e s that al low the 
au tomat ic filling s y s t e m to be o v e r r i d d e n for m a n u a l fi l l ing of each r e c e p 
tac le . When the c o n t r o l l e r s for the l i q u i d - n i t r o g e n s y s t e m a r e in the a u t o 
mat ic mode of opera t ion , neon bulbs on the c o n t r o l pane l i nd i ca t e when the 



liquid nitrogen is below the sensor levels and the valves a re open. P r e s s u r e 
relief valves a re connected to the liquid-nitrogen dispensing manifold be
tween the manual and solenoid valves to protect against overpressure of 
the system. 

2.2.1.5. Gloves. The gloveports in the helium section are equipped with 
two types of gloves. Rad Bar lead-loaded neoprene g loves" are used wher
ever equipment containing more than 1 g of plutonium must be handled 
directly with the gloves. These gloves contain a 30-mil layer of lead, which 
effectively attenuates the gamma radiation. The exterior of these gloves is 
made of Hypalon, which is very resistant to alpha radiation and chemical 
corrosion and has very low porosity to minimize helium diffusion. Rad Bar 
gloves are installed on both sides of the helium section in the furnace and 
weighing areas and next to the lower transfer port to the air section. 

All the other gloves in the helium section and in the res t of the 
facility a re Durasol neoprene gloves, which have the same Hypalon ex
ter ior , but do not contain lead, 

2.2.1.6, Utilities 

2,2.1.6.1. Electr ical . Standard 110-V power for fluorescent light fixtures, 
balances, and other equipment is provided in the helium section at both ends 
of the section and at a central point adjacent to the furnace well. The power 
is provided either through standard three-wire outlets mounted in wire 
molds channels or through special connectors inside the glovebox. Each 
th ree -wi re outlet is controlled by two switches, one inside and one outside 
the glovebox. Power supplied through the connectors is controlled by 
switches on the devices themselves or by intermediate control equipment. 

The platinum-wound resis tance furnace^" is provided with controlled 
power up to 205 "J and 20 A, and the three-zone furnace is provided with con
trolled power up to 110 V and 16 A, 

Power to the tilting furnace, which is heated by an induction coil, is 
supplied by bus bars from a work station^' in the operating area. The work 
station is powered by an industrial 15-kW, 10-kHz motor-generator^^ located 
in a basement area below the facility. The bus bars pass through the wall 
of the helium section containing the 19-in, vacuum bag port. The control 
panel and work station for the motor-generator are located in relay racks 
adjacent to the glovebox, as shown in Fig, 12, 

Electr ical power for the atmosphere control units and for one of the 
laboratory exhaust blowers (in the building fan loft) is connected to the 
emergency power system in the building to ensure that these units will con
tinue to operate if the public-utility power fails. 
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308-1549 
Fig. 12. Work Station and Controls for Induction-heated Tilting Furnace 

2 ,2 .1 .6 .2 . Coo l ing -wa te r S y s t e m . R e c i r c u l a t i n g cool ing w a t e r coo l s the 
f langes of the r e a c t o r tubes in the r e s i s t a n c e - h e a t e d f u r n a c e s , the f l anges 
on the t i l t i ng - fu rnace v e s s e l , and the induct ion hea t ing coi l for the t i l t i ng 
fu rnace . The coo l ing -wa te r s y s t e m conta ins about 13 l i t e r s of w a t e r , which 
is cooled to 15-20°C by the hea t exchange r of a c o m m e r c i a l 2 - ton w a t e r 
c h i l l e r . " F i g u r e 13 is a view of the w a t e r c h i l l e r i n s t a l l e d u n d e r the a i r 
sec t ion of glovebox A. F i g u r e 14 is a s c h e m a t i c d i a g r a m of the coo l i ng -
w a t e r s y s t e m . The chi l led w a t e r is pumped by a cen t r i fuga l p u m p t h r o u g h 
the s y s t e m to be cooled, to a s ea l ed r e s e r v o i r tank, and then back to the 
hea t exchange r . Cooling w a t e r f rom th i s s y s t e m is a l s o d i s t r i b u t e d to the 
a i r sec t ion and to the ana ly t i ca l box. 

The inlet and r e t u r n l ines for each cooled uni t in the h e l i u m s e c t i o n 
a r e equipped with a set of va lves that can i s o l a t e the uni t f r o m the cool ing 
s y s t e m . At each valve t h e r e is an en t ry p o r t tha t a l l ows h e l i u m to be i n 
t roduced to blow w a t e r f rom the unit back th rough a b lowdown l ine to the 
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r e s e r v o i r , A v e n t l i n e i s p r o v i d e d f r o m t h e r e s e r v o i r t o t h e a i r s e c t i o n t o 

r e l e a s e t h e h e l i u m . W i t h t h i s s y s t e m , a n y c o o l e d u n i t c a n b e d i s c o n n e c t e d 

f r o m t h e c o o l i n g - w a t e r s y s t e m w i t h o u t c o n t a m i n a t i n g t h e d r y - h e l i u m 

a t m o s p h e r e w i t h w a t e r . 
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Fig. 13. Water Chiller for Recirculating Cooling-water System 

Fig. 14 

Schematic Diagram of Recirculating 

Cooling-water System 

-GLOVEBOX A 



Several safety devices are installed in the cooling-water system to 
protect the equipment in the gloveboxes against loss of cooling or leakage. 
A flow-detection device^* is present in the main cooling-water supply line 
between the chiller and the gloveboxes. If water is not flowing through this 
device, the furnace units that require cooling water within the helium sec 
tion are rendered inoperable by an electrical interlock. If the circulating 
pump becomes inoperative, an alarm sounds. 

The cooling-water reservoir is equipped with an electr ical two-
level detection device. When the'entire cooling-water system and distr ibu
tion lines are filled to the proper level (~13 l i ters) , there is approximately 
500 cc of water above the upper level detector. If the water level should 
fall below the upper level detector, a flashing warning light comes on. If 
about 1 liter of water is lost from the system and the lower level detector 
is reached, the circulating pump and chiller are rendered inoperable and 
an alarm sounds to inform the operators of the loss of cooling water. 

In addition to the safety devices described above, the total volume 
of water in the system (-13 l i ters) is such that if all the water in the system 
were released into the helium section it would be contained as a shallow 
pool in the bottom of the glovebox, thus preventing the spread of any alpha 
activity outside the glovebox. 

2.2.1.6.3. Pressur ized Helium System, Various operations performed in 
the helium section require that helium pressure be exerted over the molten, 
systems in the furnace vessels . These operations include sampling the 
metal and salt phases by pressurizing small amounts of the fluids into tan
talum sample tubes equipped with tantalum filter fri ts . 

Helium pressure could be obtained directly from standard helium 
cylinders with regulators, but this practice would be objectionable because 
of possible overpressurization of the glovebox in the event of a leak or 
operating e r ror . Also, the oxygen and water content of tank helium var ies 
considerably. Therefore, a system has been devised for pressur iz ing the 
furnace vessels with helium from the helium purification system. 

Figure 15 is a schematic diagram of the pressur ized helium system 
that was installed in the facility. The helium, is withdrawn from the supply 
line from,the helium purification system at a point just before the supply 
line enters the helium section of glovebox A. The helium passes through a 
5-micron metallic filter^^ before it enters a diaphragm compressor^*' that 
is housed in a cylindrical steel compressor tank 14 in. in diameter by 20 in. 
high. The compressor tank is installed in an enclosed section beneath the 
helium section of the glovebox. The helium is thencompressed in a 9-li ter 
helium storage tank to a maximum pressure of 3250 mm. The volume of 
the tank is small enough that if the entire contents of the tank at 3250 mm 



SOLENOID VALVE 

p r e s s u r e a r e d i s c h a r g e d to the g l o v e 
box at one t i m e , no n o t i c e a b l e change 
in g lovebox p r e s s u r e o c c u r s . P r e s 
s u r e wi th in the h e l i u m s t o r a g e t ank 
is m o n i t o r e d with a 0- to 4 0 0 0 - m m 
a b s o l u t e - p r e s s u r e gauge . O v e r p r e s 
s u r e of the pump d i s c h a r g e l ine is 
p r e v e n t e d by a blowout d e v i c e that i s 
ven ted to the inlet s ide of the c o m p r e s 
s o r wi th in the c o m p r e s s o r tank. 

The c o m p r e s s e d he l i um e n t e r s 
the h e l i u m sec t i on th rough two s e p a 
r a t e l i n e s , A se t of v a l v e s d i s t r i b u t e s 
the c o m p r e s s e d he l i um to each l ine . 
The h e l i u m in each l ine p a s s e s th rough 
a m e t a l l i c f i l te r and a n o t h e r va lve 
be fo re e n t e r i n g the he l i um s e c t i o n . 
One l ine con ta ins a 1- to 5 - m i c r o n 
m e t a l l i c f i l t e r , ^ ' and the o the r con 
t a i n s a 5 - m i c r o n m e t a l l i c filter.^^ 
The f i r s t l ine e n t e r s the h e l i u m s e c 

t ion t h r o u g h the wal l of the box; the second e n t e r s th rough the wal l of the 
f u r n a c e wel l and c o n n e c t s to a he l i um manifold , which d i s t r i b u t e s the h e l i u m 
to the p r o c e s s e q u i p m e n t t h rough so lenoid v a l v e s . ^ ' 
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Fig. 15. Schematic Diagram of Pressurized 

Helium System 

T h e p r e s s u r e in the h e l i u m manifold and in equ ipmen t that may be 
open to the mani fo ld can be m e a s u r e d with e i t h e r a 0- to 4 0 0 0 - m m or a 
0- to 2 5 4 0 - m m a b s o l u t e - p r e s s u r e gauge . Th^ l a t t e r gauge can be r ead to 
an a c c u r a c y of 1 m m . The flow of h e l i u m in both en t ry l i nes can be con
t r o l l e d with e i t h e r a ba l l va lve o r a need le v a l v e , both of which a r e in the 
l ine be tween the h e l i u m s t o r a g e tank and the point w h e r e the two supply 
l i n e s b r a n c h f r o m the m a i n supply l ine . The p r e s s u r e in the he l i um s t o r a g e 
tank can be ad jus t ed by con t ro l l i ng the flow of h e l i u m to the box. The h e l i 
u m flow i s c o n t r o l l e d by the need le va lve whi le the c o m p r e s s o r i s running 
c o n t i n u o u s l y . 

2 . 2 . 1 . 6 . 4 . T a n k H e l i u m . S t a n d a r d c y l i n d e r s supply h e l i u m for the h e l i u m 
p u r i f i c a t i o n s y s t e m , the l a r g e v a c u u m bag por t , and the s p h i n c t e r can p o r t , 
and for b lowdown of c o o l i n g - w a t e r l i n e s , a s d e s c r i b e d e a r l i e r . F i g u r e 16 
is a s c h e m a t i c d i a g r a m of the tank h e l i u m s y s t e m . F o u r he l i um c y l i n d e r s , 
e a c h equ ipped with a r e g u l a t o r , a r e l oca t ed in the b a s e m e n t below the f ac i l 
i ty . Two of the r e g u l a t o r s a r e se t a t 5 ps ig , and two at s l igh t ly above 
7 p s i g . The mani fo ld to which the h e l i u m c y l i n d e r s a r e c o n n e c t e d is equipped 
wi th a l o w - p r e s s u r e s e n s o r , ^ ' which sounds an a l a r m in the l a b o r a t o r y when 
the p r e s s u r e fa l l s below 7 p s i g . The h e l i u m f r o m the mani fo ld p a s s e s 
t h r o u g h a 5 0 - m i c r o n m e t a l l i c f i l t e r ' " and an e n t r y va lve in the l a b o r a t o r y . 
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Fig. 16. Schematic Diagram of 
Tank Helium System 

The h e l i u m then p a s s e s t h r o u g h a 
h e l i u m p r e s s u r e r e g u l a t o r b e f o r e it 
is d i s t r i b u t e d to v a r i o u s po in t s in the 
fac i l i ty . T h e m a i n h e l i u m l ine in the 
l a b o r a t o r y i s equipped wi th a p r e s s u r e 
r e l i e f v a l v e " s e t a t 10 p s i g . T h e h e 
l i u m tha t goes f r o m t h i s s y s t e m to 
the v a c u u m bag p o r t , the s p h i n c t e r can 
po r t , and into the g lovebox for b l o w -
down of c o o l i n g - w a t e r l i n e s p a s s e s 
t h rough a second m e t a l l i c f i l t e r ' " and 
an a u x i l i a r y h e l i u m mani fo ld l o c a t e d 
on the end of glovebox A next to the 
v a c u u m bag p o r t . A p r e s s u r e gauge 
is a l s o i n s t a l l e d on the man i fo ld . 
Before h e l i u m can e n t e r the h e l i u m 
sec t i on of the glovebox, it p a s s e s 
th rough a va lve , a r e m o v a b l e 1- to 
5 - m i c r o n f i l t e r , ^ ' and a n o t h e r va lve 
loca ted ins ide the g lovebox. With a l l 
va lve s wide open, the h e l i u m flow into 
the h e l i u m s e c t i o n i s v e r y s low and 
is ea s i l y hand led by the a t m o s p h e r e 
con t ro l s y s t e m . 

2 ,2 ,1 ,7 , Vacuum S y s t e m s and Subbox E n c l o s u r e . T h r e e independen t v a c 
uum s y s t e m s a r e used in conjunct ion with the h e l i u m s e c t i o n of g lovebox A. 
One s y s t e m , the po r t vacuum s y s t e m , is u s e d to e v a c u a t e a l l the e n t r y p o r t s 
to the he l ium sec t ion . The other two s y s t e m s , the p r o c e s s v a c u u m s y s t e m s , 
a r e used to apply vacuum to the e x p e r i m e n t a l equ ipmen t l o c a t e d in the h e 
l ium sec t ion . F i v e m e c h a n i c a l v a c u u m p u m p s a r e u s e d >vith t he t h r e e s y s 
t e m s , and a l l five pumps d i s c h a r g e t h e i r exhaus t g a s e s into a c o m m o n 
line m a d e of copper p ipe . The copper pipe i s connec t ed to a l a r g e f i l t e r ' ^ 
that r e m o v e s oil f rom the g a s e s . The g a s e s l eav ing the f i l t e r a r e p a s s e d 
th rough a duct to a f i l ter and b lower s y s t e m in the bui lding fan loft. 

All the vacuum p u m p s a r e loca ted in an enc losed s p a c e u n d e r the 
he l ium sec t ion of glovebox A, r e f e r r e d to a s the subbox e n c l o s u r e . The 
pumps a r e p r o t e c t e d f rom r a d i o a c t i v e m a t e r i a l in the glovebox and p o r t s 
by f i l t e r s ins ta l l ed in the v a c u u m l i n e s . Howeve r , t h e r e i s a p o s s i b i l i t y 
that s m a l l amoun t s of r a d i o a c t i v e m a t e r i a l wi l l e n t e r the subbox e n c l o s u r e . 
T h e r e f o r e , the e n c l o s u r e is t r e a t e d as an ac t ive a r e a . 

Although the subbox e n c l o s u r e i s not comple t e ly s e a l e d , it i s kep t 
a t a nega t ive p r e s s u r e (-0.3 in. H2O) r e l a t i v e to the r o o m p r e s s u r e . The 
e n c l o s u r e i s connected to the f i l t e r s and b l o w e r s in the bui lding fan loft 
th rough an A E C - t y p e abso lu te f i l ter having an a r e a of 1 sq ft. An i d e n t i c a l 



filter in a panel of the enclosure allows air to enter and pass through the 
enclosure at a rate of 50 cfm. When all the pumps in the enclosure are 
operating, the temperature of the enclosure near the exhaust filter is 
about 39°C. 

All the vacuum pumps in the enclosure rest in pans to confine any 
oil that may leak from the pumps. Metal m i r r o r s are provided to view the 
oil levels in the pumps through windows in the panels of the enclosure. All 
the mechanical pumps can be drained through copper lines into an evacuated 
steel tank with sufficient capacity for several years of operation. When the 
tank is full, it will be detached, capped, and discarded as active waste. 
Since the equipment must occasionally be serviced within the enclosure, 
the side panels a re removable. When one of these panels is removed, the 
precautions used in entering any alpha enclosure a re observed. These p r e 
cautions include the use of r esp i ra to r s , protective clothing, floor coverings, 
and a plastic tent around the opening. 

2.2.1.7.1. Por t Vacuum System. A large mechanical vacuum pump is used 
to evacuate all the entry ports to the helium section. The evacuated air or 
helium (helium is sometimes used to flush the ports before final evacuation) 
passes through 0.3-micron filters and through vibration eliminators placed 
in the lines between the ports and the vacuum pump. 

2.2.1.7.2. P rocess Vacuum 

HELICOIO 
GAUGE 

(0-4000mm ab«) 

WALLACE'TIERNAN 
PRESSURE GAUGE 
(O-ZSOO mn, ol») 

Fig. 17. Schematic Diagram of Process 
Vacuum Systems 

S y s t e m s . Two s e p a r a t e p r o c e s s 
v a c u u m s y s t e m s a r e used in the 
h e l i u m s e c t i o n of glovebox A. 
One v a c u u m s y s t e m is u s e d for 
both the t h r e e - z o n e and the 
p l a t i n u m - w o u n d f u r n a c e : the o t h e r 
i s u s e d with the t i l t ing f u r n a c e . 
The p r o c e s s v a c u u m s y s t e m s a r e 
e m p l o y e d to e v a c u a t e e q u i p m e n t 
for e x p e r i m e n t s conduc ted u n d e r 
a v a c u u m o r h e l i u m a t m o s p h e r e . 
The fol lowing s u b s e c t i o n s d i s c u s s 
the c o m p o n e n t s of the v a c u u m s y s 
t e m s , and F i g . 17 is a s c h e m a t i c 
d i a g r a m of the s y s t e m s . 

2 . 2 . 1 , 7 , 2 , 1 , Mani fo lds and Rough-
ing P u m p s , A s e p a r a t e v a c u u m 
mani fo ld and rough ing p u m p a r e 
u s e d with each p r o c e s s v a c u u m 
s y s t e m . The m a n i f o l d s , con 
s t r u c t e d of 2 - in , Schedu le 10 
Type 304 s t a i n l e s s s t e e l p ipe , 



are connected to the process equipment by 3/4-in. copper tubing, O-ring 
vacuum compression fittings, and 3/4-in. solenoid vacuum valves. The 
manifolds are each connected to Welch Duo Seal mechanical roughing 
pumps'^ through 3/4-in. solenoid vacuum valves, 3/4-in. copper tubing, 
vibration eliminators, 0.3-micron fi l ters, '* and 3/4-in. hand-operated 
valves. A Veeco thermistor-type thermocouple gauge tube' is attached 
to each manifold for vacuum measurement. The manifold for the t h r ee -
zone and platinum-wound furnaces is located in the furnace-well portion 
of the helium section; the manifold for the tilting furnace originates in the 
furnace well and extends above the floor of the glovebox near the tilting 
furnace. Both vacuum manifolds pass through welded couplings in the fur
nace well into the subbox enclosure, where they are connected by O-ring 
flanges to the high-vacuum systems described in the next subsection. 

2.2.1.7.2.2, High-vacuum Systems. Each process vacuum system has a 
separate high-vacuum system capable of evacuating the vacuum manifolds 
and any process apparatus connected to the manifolds to a pre.ssure of 
10"' Torr , Each high-vacuum system (see Fig, 17) has the following com
ponents, proceeding toward the vacuum manifolds: a Welch Duo Seal 
mechanical backing pump,'^ a vibration eliminator, a hand-operated vacu
um valve, a thermistor-type thermocouple gauge tube, ' a 2-in.-diam water-
cooled oil diffusion pump," a 2-in,-diam liquid-nitrogen-cooled cold t r a p , " 
a cold-cathode ion gauge tube, another thermistor- type thermocouple 
gauge tube,' and a 2-in, pneumatic solenoid-actuated vacuum gate valve, 
A 2-in, line from the gate valve attaches to the process vacuum system 
manifold. Both high-vacuum systems are located in the subbox enclosure; 
portions of one are shown in Fig, 18, 

2.2.1.7.2.3. Operation and Control of High-vacuum Systems. The pressure 
in the manifold of each process vacuum system is sensed by a thermis tor -
type thermocouple tube, which is attached to a VeeCo vacuum controller.*^ 
The vacuum controller operates the pneumatic vacuum gate valve that 
separates the high-vacuum system from the manifold; this operation is 
accomplished by actuating a solenoid valve, which admits pressur ized air 
to the operating piston of the pneumatic valve. In normal operation, the 
thermocouple gauge controller is set to open the gate valve between the 
manifold and the high-vacuum system when the p ressu re in the manifold 
or in any apparatus open to the manifold drops below 40 microns . When 
the pressure in the manifold is above 40 microns, the gate valve is closed 
and the solenoid valve between the manifold and the roughing pump is 
opened. The system is designed so that the high-vacuum system and the 
roughing pump cannot be open to the manifold simultaneously. In addition, 
the power supplies to the solenoid valve and the oil diffusion pump are in
terconnected so that the gate valve cannot be opened unless the high-vacuum 
system is operating. All the interlocks in the system are automatically r e 
versible; thus, components that have been isolated or rendered inoperable 
are reactivated when conditions in related systems return to normal . 
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Fig. 18. High-vacuum System 

T h e p r e s s u r e in the h i g h - v a c u u m s y s t e m is m o n i t o r e d by a t h e r m o 
couple gauge and a c o l d - c a t h o d e ion gauge be tween the gate va lve and the 
cold t r a p . T h e s e g a u g e s a r e connec t ed to a Veeco h i g h - v a c u u m c o n t r o l l e r , * ' 
which c o n t r o l s the p o w e r to the o i l - d i f f u s i o n - p u m p h e a t e r . When the t h e r 
m o c o u p l e gauge r e a d s be low 100 m i c r o n s , the diffusion p u m p is t u r n e d on. 
The ion gauge m o n i t o r s the h i g h - v a c u u m condi t ion of the s y s t e m and is 
t u r n e d on a u t o m a t i c a l l y when the t h e r m o c o u p l e gauge r e a d s below 
10 m i c r o n s . 

T h e d i f fu s ion -pump h e a t e r is a l s o connec ted e l e c t r i c a l l y to a 
b e l l o w s - t y p e d i f f e r en t i a l p r e s s u r e s e n s o r , which is se t up to m e a s u r e 
c o o l i n g - w a t e r flow to the diffusion p u m p . If the w a t e r flow d r o p s below the 
d e s i r e d l e v e l , the diffusion pump is a u t o m a t i c a l l y shut down. T h e r e f o r e , in 
o r d e r for the ga te va lve to open the h i g h - v a c u u m s y s t e m to the p r o c e s s 
v a c u u m mani fo ld and connec t ed a p p a r a t u s , the diffusion p u m p m u s t be 
o p e r a t i n g , and o p e r a t i o n of the diffusion p u m p is dependen t on suff icient 
cool ing w a t e r and p r o p e r back ing pump p r e s s u r e . 

The v a c u u m ga te va lve is o p e r a t e d by a i r p r e s s u r e in the 50- to 
100 -ps ig r a n g e f rom the bui lding h i g h - p r e s s u r e a i r supply . The a i r f r o m 
the bui ld ing supply l ine p a s s e s t h r o u g h a m a n u a l l y o p e r a t e d va lve , a f low-
l i m i t i n g o r i f i c e , and a 9 - l i t e r r e s e r v o i r t ank be fo re r e a c h i n g the so leno id 



valve that controls the pneumatically operated vacuum gate valve. The 
pressure in the reservoir is maintained at 50-100 psig by a constant but 
slow bleed of air through the orifice from the building air supply. The rate 
of flow to the tank is low enough and the volume of the tank is small enough 
that any leak or sudden release of air to the subbox enclosure from the 
valve-operating air could be handled by the exhaust system for the enclo
sure. The 9-liter tank is equipped with a sensor-gauge*^ that will sound an 
alarm if pressure in the tank falls below the 50 psig minimum required to 
operate the gate valve. 

The control panel for all the vacuum systems is located on the lower 
side of glovebox A below the weighing section. Pa r t of the panel can be 
seen in the lower portion of Fig. 6. The process vacuum system is displayed 
on the panel in schematic form. The solenoid and pneumatic valves de
scribed above can be operated manually or automatically with switches lo
cated on the control panel. Pilot lights on the panel show whether the valves 
in the system are open or closed. Similar controls and lights are provided 
for the diffusion-purrip heaters , roughing pumps, backing pumps, and the 
port vacuum pump. The vacuum controllers and gauges mentioned above 
are also mounted on this panel along with a vacuum thermocouple gauge 
switch and a vacuum thermocouple gauge, which are used to monitor vac
uum at other points in the systems. 

All the mechanical vacuum pumps that can be connected to the in
terior of the helium section or helium purification system are interlocked 
to a system that shuts the pumps down automatically if the p re s su re in the 
box drops below 4 in. of HjO less than that in the surrounding room. A reset 
button must be pressed to res tar t the pumps after they have been shut down 
by this system. 

2.2,1.8, Furnaces and Furnace Vessels, The helium section of glovebox A 
contains three furnaces. Two of the furnaces (a platinum-wound furnace 
and a three-zone furnace) are mounted in the furnace well below the floor 
of the box. The furnace well extends into the subbox enclosure so that the 
air flow through the enclosure cools the walls of the well. The third fur
nace (a tilting furnace) is installed above the box floor level near the 
weighing section of the box. All furnaces are equipped with thermostat ic 
switches on their flanges that will shut off the power to the furnaces if the 
temperature of their flanges r i ses above 50°C, 

2,2,1,8,1, Three-zone Furnace, The three-zone furnace*' contains a 
Type 304 stainless steel furnace vessel 2^ in. in diameter by 19-j- in, deep 
and is capable of temperatures up to about 1200''C, The vessel contains 
a 30-mil tantalum liner, which extends to within l / l 6 in. of the furnace 
top. The furnace is controlled by a proportioning controller.*^ Several 
heads were made for the three-zone furnace tube for various uses . Figure 19 



shows an o p e r a t o r i n s t a l l 
ing a head con ta in ing a 
c e n t r a l t h e r m o c o u p l e we l l , 
wh ich was used to obta in 
a t e m p e r a t u r e p ro f i l e 
wi th in the f u r n a c e . The 
t h r e e - z o n e f u r n a c e is u s e d 
for any w o r k r e q u i r i n g 
that an i s o t h e r m a l zone 
be m a i n t a i n e d in the a r e a 
s u r r o u n d i n g the r e a c t i n g 
c o m p o n e n t s . T h i s f u r n a c e 
can be u s e d for r educ ing 
m e t a l ox ides in m e t a l - s a l t 
s y s t e m s , e q u i l i b r a t i n g 
m e t a l - s a l t s y s t e m s and 
a l l o y s , and p r e p a r i n g 
a l l oys and sa l t m i x t u r e s . 

2 .2 .1 .8 ,2 , P l a t i n u m - w o u n d 
F u r n a c e , The p l a t i n u m -
wound ( p l a t i n u m - r h o d i u m ) 
furnace^" is c apab l e of 
t e m p e r a t u r e s up to 1500°C. 
The fu rnace is c o n t r o l l e d 
by a c o n t r o l l e r s i m i l a r 
to the one used with the 
t h r e e - z o n e f u r n a c e . The 
fu rnace v e s s e l for the 
p l a t i n u m - w o u n d fu rnace 

was m a c h i n e d f rom a sol id b a r of Type 310 s t a i n l e s s s t ee l to p rov ide good 
s t r e n g t h at high o p e r a t i n g t e m p e r a t u r e s . The v e s s e l is 1-j in, in d i a m e t e r 
by 23 j - in, deep and c o n t a i n s a t a n t a l u m l i n e r . 

308-1531 

Fig. 19. Operator Closing Three-zone Furnace 

Al though the p l a t i n u m - w o u n d fu rnace can be u s e d for p u r p o s e s s i m 
i l a r to t hose of the t h r e e - z o n e fu rnace , i t s p r i n c i p a l u s e is for r e t o r t i n g , 
t ha t i s , the s e p a r a t i o n of vo l a t i l e a l loy c o n s t i t u e n t s such a s m a g n e s i u m , 
z inc , and c a d m i u m f r o m p lu ton ium, which is left a s a r e s i d u e in the r e t o r t 
ing v e s s e l . The vo l a t i l i z ed c o n s t i t u e n t s of the a l l oys a r e co l l ec t ed on a 
w a t e r - c o o l e d c o p p e r cold f inger moun ted on a fu rnace v e s s e l head . 

2 . 2 . 1 . 8 . 3 . I n d u c t i o n - h e a t e d T i l t i ng F u r n a c e . The i n d u c t i o n - h e a t e d t i l t ing 
f u r n a c e (shown in F i g , 20) i s u s e d to r e d u c e m e t a l ox ides of p lu ton ium with 
m o l t e n m e t a l - s a l t s y s t e m s and to conduct e x p e r i m e n t s in which a m o l t e n 
s a l t i s c o n t a c t e d a l t e r n a t e l y with two d i f fe ren t m e t a l a l l o y s . The f u r n a c e , 
c o n s t r u c t e d of two p i e c e s of 4 - i n , - I D Type 304 s t a i n l e s s s t ee l p ipe , can 
o p e r a t e at t e m p e r a t u r e s up to about 1000°C, The fu rnace wi l l a c c o m m o d a t e 
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c r u c i b l e s and pour ing m o l d s up to 6 in. deep . A d u a l - c o m p a r t m e n t t a n t a l u m 
c r u c i b l e i s u sed in the s a l t - m e t a l con tac t ing in e x p e r i m e n t s . The f u r n a c e 
is t ipped to allow the m o l t e n sa l t to pour f r o m one c o m p a r t m e n t of the dua l 
c r u c i b l e to the o ther to p rov ide con tac t with the d i f fe ren t m e t a l a l l o y s . 
The fu rnace is a l so equipped with a s ide neck , wh ich a l lows m e l t s to be 
poured into a r e c e i v e r a t the end of an e x p e r i m e n t . 

Fig, 20, Induction-heated Tilting Furnace 

The t i l t ing m e c h a n i s m of the fu rnace u s e s an induct ion motor*^ with 
a g e a r r e d u c e r and an a d j u s t a b l e - t o r q u e s l ip c lu tch . Ad jus t ab le s t ops a r e 
p l aced to l imi t the angle of t i l t ing . The t i l t ing m o t o r is c o n t r o l l e d by a 
switch ou t s ide the glovebox. 

The fu rnace is hea ted with an induct ion coi l tha t i s p o w e r e d bv a 
m o t o r - g e n e r a t o r unit (desc r ibed in Sect ion 2 .2 .1 .6 .1 ) . The induc t ion co i l 
IS cooled by the r e c i r c u l a t i n g r e f r i g e r a t e d - w a t e r s y s t e m . T e m p e r a t u r e 



is controlled by a proportioning controller.* The furnace head is equipped 
with two sample ports and two agitators , which are driven by variable-
speed induction motors .* ' Thus, when the dual-compartment crucible is 
used, both compartments can be agitated and sampled independently. 

2.2.1.8.4. Tempera ture Measurement. Tempera tures in the processing 
vessels and furnaces are sensed by Chromel-Alumel and platinum-rhodium 
thermocouples. The outputs of some of the thermocouples are recorded on 
two recorders ,^° '^ ' The tempera tures at other locations in the glovebox, 
furnace well, and subbox enclosure are monitored with a dial-type indica
tor,^'^ When all three furnaces a re operating in the helium section of the 
glovebox, all the tempera tures observed inside the glovebox are within 
safe l imits . 

2.2.2. Air Section 

The air section of glovebox A is used pr imari ly for dissolution of 
metal, oxide, and salt samples obtained from the experimental work per
formed in the helium section. The air section is also used as an in terme
diate a rea for the transfer of items into the helium section from outside 
the glovebox and for movement of i tems between the helium section and 
glovebox B via the transfer tunnel. The materials-handling and radiation 
safeguards used in the air section are similar to those employed in the 
helium section. The quantities of plutonium-238 handled in individual oper
ations such as sample dissolution, solvent extraction, volume reduction, 
and ion exchange are generally less than 1 g. Small amounts of solutions, 
25-100 cm', containing low concentrations (~ 1 mg/cm ) of plutonium are 
stored temporari ly in the air section. Figure 21 shows some of the equip
ment in the air section that is used for sample dissolution, including a fume 
duct, an aspi ra tor pump, and wash bottles used to control fumes within the 
air section. 

2.2.2.1. Atmosphere Control. Air enters one end of the air section through 
an AEC-type absolute filter with an area of 1 sq ft. The air is distributed 
through channels in the bottom of the glovebox and is exhausted from the 
upper portion of the glovebox through two parallel filter banks, each con
taining two filters in s e r i e s . Each of the four exhaust filters is identical to 
the inlet filter. The exhausted air goes through a duct and into the fan loft, 
where it is filtered again before it passes through the blowers and is d is
charged outside the building. Two blowers a re used in the fan loft, one of 
which is connected to the building's emergency power generator to ensure 
that the p r e s su re in the gloveboxes can be maintained below atmospheric 
p r e s su re in the event of a power failure. 

A stainless steel hood is provided inside the air section to control 
corros ive fumes arising from the dissolution of samples . The hood is con
nected by a flexible steel duct to one of the exhaust-fil ter chambers used 
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t o e x h a u s t t h e a i r f r o m t h e a i r s e c t i o n . T h e r e l e a s e of c o r r o s i v e f u m e s 

t h a t w o u l d v e n t t o t h e h o o d i s m i n i m i z e d b y u s i n g c h e m i c a l t r a p s a n d a r e 

c i r c u l a t i n g a s p i r a t o r p u m p b e t w e e n t h e h o o d a n d a n y a p p a r a t u s e v o l v i n g 

c o r r o s i v e f u m e s . 
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Fig. 21. Air Section of Glovebox A 

2 . 2 . 2 . 2 , E n t r y a n d E g r e s s f r o m A i r S e c t i o n , I t e m s c a n b e i n t r o d u c e d i n t o 

a n d r e m o v e d f r o m t h e a i r s e c t i o n t h r o u g h a 72"- a n d 1 5 - i n . b a g p o r t l o c a t e d 

a t t h e e n d of t h e g l o v e b o x o p p o s i t e t h e 1 9 - i n , v a c u u m b a g p o r t , A 4 - i n . - d i a m 

s p h i n c t e r p o r t i s a l s o p r o v i d e d f o r o n e - w a y i n t r o d u c t i o n of s m a l l i t e m s t o 

t h e a i r s e c t i o n . ( T h e u s e of t w o v a c u u m p o r t s f o r t r a n s f e r r i n g m a t e r i a l s 

b e t w e e n t h e a i r a n d h e l i u m s e c t i o n s w a s d i s c u s s e d i n S e c t i o n 2 . 2 . 1 , 3 , ) 

M a t e r i a l s a r e t r a n s f e r r e d b e t w e e n t h e a i r s e c t i o n of g l o v e b o x A a n d 

g l o v e b o x B t h r o u g h a t r a n s f e r t u n n e l t h a t e x t e n d s b e t w e e n t h e u p p e r e n d s of 

t h e t w o g l o v e b o x e s . T h e t r a n s f e r t u n n e l ( s h o w n i n F i g , 2 2 ) i s 14 i n , h i g h b y 

12 i n , w i d e a n d i s e q u i p p e d w i t h w i n d o w s a n d g l o v e s f o r o b s e r v i n g a n d m a 

n i p u l a t i n g m a t e r i a l s i n s i d e t h e t u n n e l . T h e t u n n e l c o n t a i n s a m o v a b l e t r a y , 

w h i c h i s a c t u a t e d b y a s e a l e d c r a n k d r i v e l o c a t e d a t t h e b o t t o m of t h e t u n n e l 
a t t h e e n d c o n n e c t e d t o g l o v e b o x A. F i g u r e 2 3 i s a v i e w of t h e i n t e r i o r of t h e 

t r a n s f e r t u n n e l ; a p l a s t i c r e a g e n t j a r i s s h o w n on t h e m o v a b l e t r a y . 

2 , 2 , 2 , 3 , E l e v a t o r s a n d S t o r a g e S h e l v e s , T h r e e m o t o r - d r i v e n , v e r t i c a l -

s c r e w e l e v a t o r s a r e p r o v i d e d i n t h e g l o v e b o x e s ( o n e i n t h e a i r s e c t i o n of 

g l o v e b o x A a n d t w o i n t h e a n a l y t i c a l g l o v e b o x ) t o r a i s e a n d l o w e r i t e m s 



308-1535 308-1548 
Fig. 22. Exterior View of Transfer Tunnel 

Fig. 23. Interior View of Transfer Tunnel 



f rom the floor of the g loveboxes to s t o r a g e s h e l v e s and to the t r a n s f e r -
tunnel d o o r s . F i g u r e 24 shows an o p e r a t o r moving a r e a g e n t bo t t l e f r o m 
an e l e v a t o r t r a y and p lac ing it on the t r a n s f e r - t u n n e l t r a y . 

308-1541 
Fig. 24. Transfer of Materials from Elevator to Transfer Tunnel 

Adjus table s t a i n l e s s s t ee l s t o r a g e s h e l v e s a r e l oca t ed along the 
wal l in the end of the a i r s ec t ion n e a r the t r a n s f e r - t u n n e l door . The 
she lves a r e u s e d to s t o r e r e a g e n t s and aqueous so lu t ions con ta in ing 
p lu ton ium-238 . The quant i ty of p l u t o n i u m - 2 3 8 s t o r e d in aqueous so lu t ions 
is l imi ted to that n e c e s s a r y for ana ly t i ca l p u r p o s e s . The so lu t ions a r e 
s t o r e d in p r i m a r y c o n t a i n e r s , which a r e vented to al low for g a s e s evolved 
f rom decompos i t i on c a u s e d by r ad i a t i on . S e c o n d a r y m e t a l c o n t a i n e r s a r e 
used for s t o r a g e of a l l l iquid so lu t ions . 

2 .2 .2 .4 . Ut i l i t i e s 

2 . 2 . 2 . 4 . 1 , E l e c t r i c a l , S tandard I IO-V power is d i s t r i b u t e d t h r o u g h s t a n 
d a r d t h r e e - w i r e out le t s mounted in w i r e mold c h a n n e l s on the i n s i d e of t he 
a i r sec t ion at the end conta in ing the bag p o r t s . The c o n t r o l and u s e of t h i s 
power a r e s i m i l a r to that in the h e l i u m sec t ion . The 110-V power supp l i ed 
to the e l e v a t o r i s con t ro l l ed by a swi tch on the e x t e r i o r of the g lovebox . 

2 .2 .2 .4 .2 . Cooling W a t e r . R e c i r c u l a t e d cool ing w a t e r i s suppl ied to bo th 
the a i r and h e l i u m sec t ions of glovebox A f r o m the s a m e s y s t e m ; the w a t e r 
l ines a r e i n t roduced into the a i r s ec t ion t h r o u g h f i t t ings in the wa l l d iv id ing 
the a i r and h e l i u m s e c t i o n s . In the a i r Sect ion, cool ing i s n e e d e d for the 
solut ion in the r e c i r c u l a t i n g a s p i r a t o r s y s t e m , which is h e a t e d by i t s r e 
c i r c u l a t i o n pump . 
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2.2.2.4.3. Helium or Low-pressure Air Inlet. An inlet has been provided 
in the wall containing the bag ports for the introduction of either helium or 
low-pressure air . The inlet consists of a quick-disconnect gas connection, 
a valve, and a 3/4-in. 1 to 5-micron filter on the outside of the box, and a 
quick-disconnect gas connection on the inside of the box. 

2 .2 .2 .4 .4 , D i s t i l l e d W a t e r . D i s t i l l e d w a t e r i s supp l i ed f r o m a p l a s t i c c o n 
t a i n e r " m o u n t e d above t h e t r a n s f e r t unne l (as shown in F i g . 22) t o a f i t t ing 
p e n e t r a t i n g the wa l l of the g lovebox tha t c o n t a i n s t he bag p o r t s . 

2 ,3 , Glovebox B 

Glovebox B (shown in F i g , 25) h a s an a i r a t m o s p h e r e and s e r v e s as 
an a n a l y t i c a l f ac i l i t y for the e x p e r i m e n t a l w o r k p e r f o r m e d in g lovebox A, 
Mos t of t he p l u t o n i u m - 2 3 8 con ta ined in the a n a l y t i c a l g lovebox is in a q u e o u s 
so lu t ion , and t h e t o t a l a m o u n t of p l u t o n i u m - 2 3 8 in the g lovebox is l i m i t e d to 
l e s s than 1 g. So lu t ions t r a n s f e r r e d t h r o u g h the t r a n s f e r tunne l into the 

Fig. 25. Glovebox B 
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analytical glovebox from the air section of glovebox A are assayed for 
plutonium-238 with a lithium-drifted germanium diode detector'* located 

below the floor of the glovebox. Fig-
ure 26 shows an operator placing a 
sample into a well in the floor of the 
glovebox above the detector, 

2.3.1. Atmosphere Control 

The atmosphere control for 
the analytical glovebox is identical 
to that described for the air section 
of glovebox A. Under normal operat
ing conditions, the door to the t r ans 
fer tunnel in the analytical glovebox 
is kept open to maintain a negative 
pressure in the transfer tunnel. 

2.3.2, E n t r y and E g r e s s f r o m 
Glovebox B 

I t e m s can be i n t r o d u c e d in to 
and r e m o v e d f r o m the a n a l y t i c a l 
glovebox t h r o u g h a 2 1 ^ - and 7-2-in, 
bag p o r t l oca t ed at one end of the 
g lovebox. F i g u r e 27 shows o p e r a -

308-1542 (.Qj.g u s ing a bag s e a l e r ' ^ to s e a l an 

Fig. 26. Counting Well i t e m tha t h a s b e e n t r a n s f e r r e d out 

Fig. 27 
ging Operation 

308-1552 
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through the smaller bag port of the glovebox. Two 4-in.-diam sphincter 
ports are available, one at each end of the analytical glovebox, for the 
rapid introduction of small i tems to the glovebox. (Entry to the analytical 
glovebox through the transfer tunnel from the air section of glovebox A 
was discussed previously in Section 2.2.2,2.) 

2.3.3. Utilities 

The utili t ies provided in glovebox B, including electrical , cooling 
water, distilled water, and helium or low-pressure air inlet, are the same 
as those provided in the air section of glovebox A. 

2.3.4. Activity-free Section 

A portion of one corner of the analytical glovebox, 20 by 40 by 20 in. 
high, has been sealed off from the rest of the glovebox. This portion, re 
ferred to as the activity-free section, is treated as being outside the alpha-
active section and is used to transfer samples out of the analytical glovebox 
to other analytical facilities. Air from outside the glovebox is drawn from 
two open gloveports in the activity-free section and into the main part of the 
analytical glovebox through a 6-in.-square AEC-type absolute filter. When 
the gloveports are not being used, they are closed with covers that allow air 
to be drawn into the activity-free section. 

Before any sample solution is introduced to the activity-free section 
of glovebox B, it is assayed for plutonium-238 content with the lithium-drifted 

germanium diode detector using 
the 99- and 153-keV character
istic gamma rays. If the quantity 
tof plutonium-238 in the sample is 
low enough (<50 /.Jg), the sample 
can then be t ransferred to the 
activity-free section for subse
quent transfer to a plutonium-239 
analytical laboratory outside the 
facility. 

Solutions are t ransferred 
into the activity-free section by 
pipetting the solution into a con
tainer in the activity-free section 
through a compression fitting in 
the top surface of the section. 
(This operation is demonstrated 
in Fig. 28.) The compression 
fitting is mounted in a plastic 
retaining ring sealed into an 
opening in the glass plate that 
serves as the top for the activity-
free section. 

'^^msm^ 

308-1545 

Pig. 28. Activity-free Section of Glovebox B 



38 

3. OPERATING EXPERIENCE 

The facility has been used to conduct experiments with plutonium-238 
from the middle of 1968 to the present . (The experimental work and resul ts 
will be described in a later publication.) All the equipment in the facility 
has been used successfully and has performed according to design specifi
cations. The water and oxygen concentrations in the helium atmosphere 
section have been maintained at less than 2 and 5 ppm, respectively, during 
the experimental work. 

All alpha activity has been confined to the interior of the gloveboxes, 
and radiation exposure of operating personnel has been well below allowed 
safe l imits . 
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Item 
No. 

APPENDIX 

Items Used in Construction of Plutonium-238 
Research and Development Facility 

Description 
Supplier or 

Manufacturer Model 

1 Neutron dosimeter 

2 Air monitor, 
solid state 

Lathe 

4 Laboratory grinder 

5 3-kg torsion 
balance 

6 120-g torsion 
balance 

7 Analytical 
balance 

8 Rotary storage 
bin, metal 

9 Oxygen analyzer 

10 Water analyzer 

11 Hygrometer 

12 Oxygen analyzer 

13 Differential p ressu re 
gauge 

14 Differential p ressu re 
sensor 

15 Cryogenic valves 

Texas Nuclear 
c /o Nuclear Chicago 
Des Plaines, 111. 

9141 

Radiation 
Detecting Equipment 
Pleasant Hill, Calif. 

Allied Electronics 
Chicago, 111. 

Crescent Dental Mfg. 
Chicago, 111. 

E. H, Sargent 
Chicago, 111, 

A, Daigger Co, 
Chicago, 111, 

LaPine Scientific 
Chicago, 111, 

General Industrial 
Chicago,«I11, 

RAD 
221A 

Unimat 
26D143U 

Wig-L-
Bug No, 6 

Mettler 
P - 3 

Torbal 
DLT-2 

Torbal 
EA-1 

RB-1708 

Meeco 
Warrington, Pa, 

Meeco 
Warrington, Pa, 

Panametr ics 
Berkeley, 111, 

Thermo-Lab Instruments 
Pittsburg, Pa, 

Dwyer Controls 
Michigan City, Ind, 

Dwyer Controls 
Michigan City, Ind. 

Lesman Instrument 
Berkeley, 111. 

W 

1000 

Thermox 

2004 

1627-1 
1627-2 

Worcester 
1/4-4-1-1 
T-TE 
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Item 
No. D e s c r i p t i o n 

Supp l i e r o r 
M a n u f a c t u r e r M o d e l 

16 Cryogen i c so lenoid valve 

17 L e a d - l o a d e d g loves 

18 Dry box g loves 

19 F l u o r e s c e n t tubes 

20 F u r n a c e , 
P t - 2 0 % Rh 

21 Work s ta t ion 

22 Induct ion g e n e r a t o r 

23 Wate r c h i l l e r 

24 F l o w - d e t e c t i o n s e n s o r 

25 F i l t e r , 5 - m i c r o n 

26 D i a p h r a g m c o m p r e s s o r 

27 Me ta l l i c F i l t e r 

28 Solenoid valve 

29 P r e s s u r e s e n s o r 

30 M e t a l l i c f i l t e r , 
5 0 - m i c r o n 

31 P r e s s u r e r e l i e f va lve 

32 F i l t e r in v a c u u m e x h a u s t 

Smi th & M a c h a y 
A t k o m a t i c Valve Co. 
Chicago , 111, 

C h a r l e s t o n R u b b e r Co. 
C h a r l e s t o n , S,C, 

C h a r l e s t o n R u b b e r Co. 
C h a r l e s t o n , S.C. 

Wilco, Inc. 
Wichi ta , K a n s . 

M a r s h a l l P r o d u c t s 
C o l u m b u s , Ohio 

Rego 
Ch icago , 111. 

E n p r o I n c o r p o r a t e d 
Vi l la P a r k , 111. 

BDGS 

8 N L Y -
3032 

8NY-
3032 

DRV 15-
GK3 

1353 

Ohio C r a n k - s h a f t 
C leve land , Ohio 

Ohio C r a n k - s h a f t 
C leve land , Ohio 

A c m e I n d u s t r i e s 
J a c k s o n , M i c h . 

Hays Mfg. 
E r i e , P e n n . 

H a d d a m Mfg. 
Haddam, Conn. 

Bach l l P a i n t Company 
Chicago , 111. 

H o k e - E n p r o 
Maywood, 111. 

Vacuum E l e c t r o n i c s 
Ch icago , 111. 

A l l e n - B r a d l e y 
R e v e r e E l e c t r i c 
Ch icago , 111. 

N o r g r e n 
L i t t l e ton , Colo , 

Tocco 
1RS2 

T o c c o 
l M g - 1 5 - 1 

S P W - 2 

S e r i e s 
2600 

2 0 1 2 - 7 5 - 6 

N C E - 5 0 1 

6357 -G4B 

SU62S 

Bu l l e t i n 
836 

30Be 
N 3 - 5 0 

2866 

P a l l 
MDC 1003 
S U - 2 4 H - Z 3 



41 

Item 
No. Description 

Supplier or 
Manufacturer Model 

33 Vacuum pump 

34 Fi l ter , 0.3-micron 

35 Vacuum pump 

36 Thermis tor thermocouple 
gauge tube 

37 Vacuum pump 

38 Oil diffusion pump 

39 Cold traps 

40 Cold-cathode ion 
gauge tube 

41 Pneumatic valve 

42 Vacuum controller 

43 Vacuum controller 

44 Differential p ressu re 
sensor 

45 P r e s s u r e a larm gauge 

46 Furnace, 3-zone 

Furnace controller 

Controller power supply 

48 Induction motor 

E. H. Sargent 
Chicago, 111. 

Enpro Incorporated 
Villa Park, 111. 

E, H, Sargent 
Chicago, 111. 

Vacuum Electronics 
Chicago, 111. 

E. H. Sargent 
Chicago, III. 

Vacuum Electronics 
Chicago, 111. 

Vacuum Electronics 
Chicago, 111. 

Vacuum Electronics 
Chicago, 111. 

Vacuum Research 
Chicago, 111. 

Vacuum Electronics 
Chicago, 111. 

Vacuum Electronics 
Chicago, 111, 

United Electric Controls 
Chicago, Dl, 

Welch 
1397C 

MCS-
1001-SU 

Welch 
1402 

DV-IM 

Welch 
1405 

EP-2W 

CT-200 

DG-2-1 

VRC 
2TLEPLS 

TC-9 

TC-DG-9 

J21K-
9532 

Affiliated Steam Equip, 
Chicago, 111, 

Marshall Products 
Columbus, Ohio 

Ray Welch Instruments 
Hammond, Ind. 

Ray Welch Instruments 
Hammond, Ind, 

Chicago Bearing 
& Power Drive Co, 
Chicago, 111, 

Cat, No. 
1379A 

Custom 

West 
JYSCR-2 
Type K 

PSCR-15-120 

P-3P 
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I t em 
No. D e s c r i p t i o n 

Suppl ie r o r 
M a n u f a c t u r e r M o d e l 

49 Induct ion s t i r r i n g m o t o r 

50 R e c o r d e r , mu l t ipo in t 

51 R e c o r d e r , AZAR 

52 T e m p e r a t u r e i nd i ca to r 

53 Po lye thy lene c o n t a i n e r 

54 G e r m a n i u m - l i t h i u m 
diode d e t e c t o r 

55 Bag s e a l e r 

G a y l o r d R i v e s Co. 
P a s a d e n a , Calif . 

Honeywel l 
M i n n e a p o l i s , Minn . 

L e a d s and N o r t h r u p 
P a r k Ridge , 111. 

Honeywel l 
M i n n e a p o l i s , Minn . 

L a P i n e Scient i f ic 
Chicago , 111. 

N u c l e a r Diodes 
Chicago , 111. 

J . A. C a l l a n a n C o m p a n y 
Chicago , 111. 

B H - 5 5 6 

B r o w n 
E l e c t r o n i k 

S p e e d o m a x W 

0-250°C 

2 3 1 8 - 3 

L G C -
2.5 
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